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Abstract 
A numerical algorithm is presented for computing the laminar two-dimensional flow of a second grade fluid near 
a stagnation point when the fluid is extracted from the plane at a uniform rate. The algorithm is applicable for all values 
of the physical parameters of the problem. Also the asymptotic solutions valid for large values of the suction parameter 
are derived and the results obtained from them compared with the exact numerical solution. 
Finally, the flow of a second grade fluid past a stretching sheet with suction is considered. This problem has an exact 
solution and it is used as a benchmark for testing the numerical algorithm presented here. 
Keywords: Stagnation point flow; Second grade fluid; Viscoelasticity; Finite difference; Discretization; Asymptotic 
solution; Flow past a stretching sheet 
1. Introduction 
The non-Newtonian fluids are nowadays acknowledged as more suited for scientific and 
technological applications than the Newtonian fluids. Unfortunately, except in the case of the most 
basic flows, the constitutive equations of non-Newtonian fluids give rise to complexities in the 
momentum equations, which makes the task of obtaining the accurate solutions a difficult one. 
Take, for example, the boundary layer flow of viscoelastic fluids. A typical characteristic of these 
flows is that their constitutive equations generate momentum equations which have terms of 
derivatives whose order exceeds the number of available boundary conditions. To make the 
matters worse, the highest derivative is multiplied by one of the fluid viscoelastic parameters, 
making the problem of the singular perturbation type. Yet in the absence of any extra boundary 
condition(s) it must be treated as a regular perturbation problem. It is only recently that successful 
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attempts have been made to compute numerically the boundary layer flows of viscoelastic 
fluids. 
The most commonly used model of viscoelastic fluids has the constitutive equation [14] 
T = - p1 + pAI + alA, + c+4:, (1) 
where T is the stress tensor, p is the scalar part of the pressure, ~1 is the ordinary coefficient of 
viscosity, and al and a2 are the normal stress moduli. Finally, Ai and A2 are the kinematic tensors 
defined by 
Ai = ( c+J) + ( vqT, (2) 
d/dt being the material time derivative. 
The two-dimensional stagnation point flow is probably the most extensively studied problem for 
these fluids. First considered by Rajeshwari and Rathna [13], who gave its solution using the 
Karman-Polhausen method, it was numerically solved in [3]. They used a linear perturbation 
analysis to decompose the boundary value problem (BVP) characterizing the flow into two BVPs, 
one for the Newtonian fluid and the other for the perturbation due to viscoelasticity. Their solution 
aroused considerable interest as one of their conclusions was that the velocity in the boundary 
layer exceeded its value in the mainstream. Attributing this result to the pertubation analysis, 
numerous attempts using various techniques were made [S, 6,11,15] to solve the original BVP 
without making any restriction on the size of the viscoelastic parameter. It speaks of the volume of 
the difficulties involved that proper numerical solutions have been discovered only now after more 
than two decades. Teipel [17] and Ariel [l] gave the appropriate solutions, using Runge-Kutta 
method and finite-difference technique, respectively. They also demonstrated that no extra bound- 
ary condition is required for obtaining the solution. 
It may be remarked that in all these investigations [l, 3, $6, 11, 15,173 the sign of cI1 was taken 
negative. The fluids for which this condition holds have come to be known as second-order fluids. 
Recent theoretical studies in [7, S] based on thermodynical considerations have indicated that for 
an exact model, as opposed to an approximate one, the following restrictions apply: 
p 2 0, a, 20, c(i + CC2 = 0, (4) 
implying amongst other conditions that c(i must be positive. The fluids fulfilling these requirements 
are recognized as second grade fluids. The stagnation point flow of a second grade fluid has been 
recently studied in [9]. They attempted to resolve the aforementioned difficulty of the lack of 
a boundary condition by assigning an asymptotic boundary condition at infinity. This idea was 
first advanced in [lo] to screen out the spurious solution in the corresponding problem for 
Newtonian fluids. The present author [2] has pointed out that one does not really require any extra 
condition and it is still possible to obtain the solution with the three available boundary conditions 
just as in the case of second order fluids. Nevertheless, his results are in a general agreement with 
those of Garg and Rajagopal; therefore, it seems all right to impose the extra condition, especially 
as it simplifies the computations. 
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In the present paper we have extended the problem of Garg and Rajagopal [9] to include the 
effects of suction. Thus, we consider the laminar flow of a second grade fluid impinging normally on 
a plane from which the fluid is being extracted at a uniform rate. A new numerical scheme is 
presented, which it is believed is much simpler than the one given by Garg and Rajagopal. The 
salient features of the scheme is that it handles with equal ease the cases of zero and vanishingly 
small values of viscoelastic fluids parameter which are likely to cause problems in shooting 
methods employed in [9, 171. 
The analytical asymptotic solutions valid for large values of the suction parameter are also 
derived. The results obtained from these solutions are compared with the exact numerical solution 
and appropriate conclusions drawn. 
Finally, we believe it is important to validate a new numerical scheme. Therefore, we have 
further considered the problem of flow of second grade fluid due to stretching of a sheet 
with suction. Since an exact analytical solution is available for this problem, it serves as a bench- 
mark. Our numerical results are in agreement with the corresponding results obtained by the 
analytical solution. 
2. Equations of motion 
Consider the laminar flow of an incompressible second grade fluid of density p impinging on 
a plate situated at y = 0. The fluid is being extracted from the plate at a uniform velocity uO. 
The momentum and continuity equations for the motion are 
VT+pb=p$, 
v-v = 0, (6) 
where b is the body force assumed to be conservative, so that 
b = - V+. (7) 
Substituting for T from Eq. (l), Eq. (5) takes the form [lS] 
- av PWXV-P, 
where 
w= vxv 
is the vorticity vector 
7c = p - CilV. v2v 
and x is the modified pressure given by 
-$(2a, +a2)IAJ2 +tplV12 +p$. 
(5) 
(9) 
(10) 
12 P.D. ArielJJournal of Computational and Applied Mathematics 59 (1995) 9-24 
The continuity equation for the two-dimensional motion simplifies to 
aU+!!=(), 
ax ay (11) 
(u, a) being the components of the velocity vector u. 
We can, therefore, introduce a stream function $ defined as 
For the steady two-dimensional stagnation point flow, the velocity (U, V) in the potential flow is 
given by 
U = ax, I/ = - ay, 
a being a constant. 
(13) 
The “pressure” 7~ can be eliminated from Eq. (8) by taking its curl. The z-component of curl of 
Eq. (8), on making use of Eq. (12), can be written as 
p _!?V2~+cp.!pcq ( ax ay > =pV4$+c11 ( at+bav4$ aeav4tj &ov+- ay ax4 -axay” . > (14) 
The similarity transformation 
r= tik Y) = (15) 
reduces Eq. (14) to the following ordinary differential equation: 
j-iv +fs”’ _f’f” _ K(T _f’frv) = 0, (16) 
where a prime denotes the derivative with respect to v], and K is the dimensionless measure of the 
viscoelastic fluid parameter al given by 
K=ala. 
P 
(17) 
The boundary conditions on fare 
f(O) =.A!, f’(O) = 0, f’@) = 1, f”(@ = 0, (18) 
where 
(19) 
It may be noted that the last condition in (18) is the asymptotic boundary conditions onf. This 
was also used in [9] for obtaining their numerical solution. 
Eq. (16) can be readily integrated to yield 
f”’ +ff” + I _f’z _ K(fsiv _ 2yf”’ +f”z) = 0, (20) 
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in which a use has been made of the boundary conditions at infinity. In the following section we 
present a numerical solution of the BVP (20) and (18). 
3. Numerical solution 
Suppose that we first follow the present author’s [l] successful numerical scheme for second 
order fluids (K < 0) and introduce 
f=Yl> fl=y*, fl'=y3; (21) 
then Eq. (20) takes the form 
YL +YlY3 + 1 -Yi --K(YlY'; -2YzYb +yS) =o, 
which when discretized at node j of the mesh 
qj = jh (j = 0, 1,2, . . . ) 
gives 
(22) 
(23) 
1_2K~j h + 2Kyjz yJ+’ = yj3-r - 2hCyiy$ + 1 - (yjz)2] 
+ K 2y< 
-2y5 +y<-1 
h + 2yjiyj3-l + 2h(y’3)2 1 , (24) 
where h is the mesh size. 
From the computational point of view the coefficient of yj3’ 1 in Eq. (24) is crucial. The two key 
terms here are 1 and - 2Kyi/h. For a second order fluid they have the same sign and they add up, 
thereby imparting stability to the marching scheme. However, for a second grade fluid (K > 0) 
these terms counteract each other, thus promoting instability. Indeed, an attempt to run the 
program which implements the above algorithm for as small value of K as 0.01 resulted in a failure. 
Hence, one must look for an alternative way of handling the situation. 
An inspection of Eq. (24) reveals that the situation is reversed when the coefficient of y4-l is 
considered rather than that of y 5” Now the two corresponding terms are of the same sign and . 
reinforcement each other, thus lending stability to the numerical scheme. It is thus clear that for 
a successful attempt to integrate numerically Eq. (20), it is desirable to march backward and not 
forward as is done in the case of second order fluids. To this end, we shall further find it useful 
to change the infinite domain of the problem to the finite domain (0, 1) by means of the 
transformation 
5 = e-““, (25) 
where c is an adjustable parameter. But in order to effect this we must first change the dependent 
variable f to F by means of 
F=rl--f, (26) 
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which gives rise to the BVP 
F”’ + (?j - F)F” - 2F’ + F’2 - K[(q - F)F” - 2(1 - F’),“’ - F”2] = 0, (27) 
F(O) = -fw, F’(0) = 1, F’( co) = 0, F”( co) = 0. (28) 
Note that now we have null boundary conditions at infinity, which is essential. 
We further introduce the quantities P and Q as under 
P = F’, Q = F”. (29) 
The application of transformation (25) then results in the following system of differential 
equations: 
and 
dF - c5 x = P, 
dP 
-"'dfT=Q9 
dQ csx + (c -‘ln5:+F)Q+2P-P2 
(c-‘lnt + F)c”t$ dQ - 2(1 - P)c~,, + Q2 = 0. 1 
(30) 
(31) 
(32) 
The boundary conditions (28) get transformed to 
P(0) = 0, Q(0) = 0, F(1) = -fw, P(1) = 1. (33) 
It may be pointed out that because of the null boundary conditions at 5 = 0, Eqs. (30) and (31) 
are automatically satisfied at 5 = 0 (assuming, of course, the boundedness of dF/dt and dP/dc 
there). 
Next we set up a mesh 
ti = ih (i=O, l,... ,N) (34) 
on the t-axis, where N is an integer. This is quite a different mesh in comparison with the one 
introduced in Eq. (23). Its one immediate benefit is that there is a much denser distribution of data 
points in the region of physical interest (near q = 0) than in the region of less interest (ye + co). 
In Eq. (32), which will be written at the ith node, we shall use the following central difference 
approximations for the derivatives: 
= t,Ci+ 1/2(Qi+ 1 - Qi) - 5i- l/z(Qi - Qi- 1) 
I h2 9 
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while in Eqs. (30) and (31), which will be written at the “node” (i + $), we shall be using 
dF 
i 1 
z i+1,2 = ii+ 112 
Fi+r - Fi 
h . 
Eqs. (30)-(32) thus get discretized to 
ici(Qi.1 - Qi-1) + (c-’ In ti + Fi)Qi + 2Pi - Pf - K{c’i(c-’ In 5i + Fi) 
x CG + i!>(Qi+, - Qi) - (i-i)(Qi - Qi-111 - 41 - Pi)(Qi+, - Qi-1) + Q?} = 0, (35) 
Pi+1 = Pi - Qi + Qi+l 
c(2i + 1) ’ 
Fi+l = Fi - Pi + Pi+1 
c(2i + 1) ’ 
and the boundary conditions (33) take the discrete form 
P,, =O, Q. =O, FN = -fw, P, = 1. 
Eq. (35) can be explicitly solved for Qi+ 1 to yield 
(36) 
(37) 
(38) 
Qi+l = [+ci - Kc2i(c- ‘lnli + Fi)(i +$) + Kci(1 -Pi)]-’ 
X {+ciQi-1 -(c-’ In ti + Fi)Qi - 2Pi + PF + K[c’i(c- ’ In ti + Fi) 
X( - 2iQi + (i - $)Qi-1) + ci(1 - Pi)Qi-1 + Qf]}. (39) 
Now if Ql is known, Pl can be obtained from Eq. (36), since P,, = 0 and Q. = 0. Further if F, is 
also known, then Fl can be obtained from Eq. (37). Thus, F, P and Q can be calculated or are 
known at levels 0 and 1. From this point onwards, one can cycle through Eqs. (39), (36) and (37), 
respectively, to generate recursively the values of Q, P and F at the subsequent levels. It is 
important to follow the computations in the indicated order. Hence, if Ql and F. are known, the 
values of F, P and Q can be computed at all the mesh points using the above algorithm. Our 
objective thus narrows down to finding the appropriate values of F,, and Ql such that the terminal 
conditions FN = -fw and PN = 1 are satisfied. For this any zero finding algorithm in two 
dimensions may be chosen. We have opted for the analog of the secant method in one dimension, 
because this has a good rate of convergence and requires only one set of values of F, P and Q at 
each iteration. The results of the computation are presented in Section 5. 
4. Asymptotic solutions for large suction 
In this section we develop asymptotic solutions for the flow which are valid for large values of the 
suction parameter fw. It is well known that a massive extraction of the fluid from a porous 
boundary results in a boundary layer of thickness O(f; ‘) there, and it would be of interest to find 
out how its development is affected by the viscoelasticity of the fluid. 
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In order to appreciate the effects better of a large suction it is convenient to reformulate the BVP 
(20) and (18), so as to have the boundary conditions independent of fw. This can be readily 
accomplished by introducing the transformation 
f =fwF, r =fwi. 
(Note that the F introduced here is not the same as the one defined earlier by Eq. (26).) 
Eqs. (20) and (18) thereby get transformed to 
(40) 
gfl-($y]-K[F$-2$$+($)i]=O, 
dF(O) F(O) = 1, - = o dF(m) 1 ___ = 
d[ ’ d[ ’ 
If K is not O(f$,), then for largef,, the outer solution is governed by 
(41) 
(42) 
(43) 
which is satisfied by 
F(5) = 1 + [. (44) 
It can be seen that F(c) given by Eq. (44) fulfills the outer boundary conditions and the condition 
on F at 5 = 0, but not on the derivative there. Therefore, there is the usual suction boundary layer 
at 5 = 0 for large values offw. Moreover, since this F(c) satisfies the differential equation (41), it is 
the outer solution. 
For the inner solution, we must stretch the variable [. Suppose we choose 
C =f “,L 
where y1 is some constant, then Eq. (41) takes the form 
(45) 
f++f”“[F$-($)2]+f:-Kf$F$-2~$+($~]=0. (46) 
It must satisfy the “inner” boundary conditions 
F(0) = 1, -= dF(0) o 
d5 * 
(47) 
When K = 0, the choice y1 = 2 is obvious for obtaining the inner solution. However when K # 0, 
we must apparently make a distinction between the two cases: (i) K is 0( f G”), and (ii) K is O(1). In 
the former case we can write 
K1= Kfi, 
where K1 is O(l), still choose n = 2 and expand 
F = F. +fi2F1 +fi4F2 + 0.m. 
(48) 
(49) 
P.D. Ariel/Journal of Computational and Applied Mathematics 59 (1995) 9-24 17 
The boundary value problem for F0 is 
d3F0 d2F0 
dc3 + F” dt2 
--(~)‘-Kl[Fo$-2$$)+(!$))2]=0, (50) 
F,(O) = 1, dFo(0) o ~ = 
dt ’ 
(51) 
which is satisfied trivially by F,(t) = 1. This also matches with the zeroth order term of the outer 
solution (44). 
The boundary value problem for Fl now simplifies to 
d3F1 d2F1 - -- 
dt3 + dt2 
K d4F1 o 
lF= 7 
F,(O) = 0, - = dFl(O) o 
d5 ’ 
Its solution obtained by matching the next term of the outer solution is 
F,(C) = 5 - k(l - e-“‘r), 
where 
~=&&+I 
(52) 
(53) 
(54) 
(55) 
One can proceed systematically in a similar manner and calculate the expressions for Fj 
(j = 2, 3, . . . ). Here we present the solution for F,: 
F,(5)= 7-4m 
m(2 - m)2 
(1 - e-“’ - m leernr) - 2(2r m) 12eernr, 
The composite solution forf, that is uniformly valid, therefore, can be written as 
f(r) =fw(Fo +f;‘Fr +K4F2 + -.. 1, (57) 
where F. = 1, and F1 and F2 are given by Eqs. (54) and (56), respectively. 
For this expansion, the value off”(O), which is a measure of the skin friction at the wall, is 
f”(O) = mfw 
[ 
1 + (2 _ m)2 5- 3m f,‘] + O(&“). (58) 
It is important to note that in the solution process the -5 coordinate is further stretched by 
a factor of m. Since m < 1, this implies a contraction of the boundary layer scale owing to the 
viscoelasticity of the fluid, which in turn means that the effect of viscoelasticity is to counteract the 
effects of suction in the formation of the suction boundary layer. To see the effects of viscoelasticity 
further, we consider the second case, namely, when K is O(1). For a proper balancing of the order of 
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terms in Eq. (46), it is evident that II must be chosen 1. But this implies reverting back to the original 
coordiante system q. Taking 
F(r) = F,(r) +fZ,(r) +fi”F2od + *** 9 (59) 
and solving the appropriate BVPs, we obtain 
F,(q) = 1, (60) 
Fr(q)=q--JK+JKee”‘fi, (61) 
F2(v)= -i ( l_e-~~JiT_YIe-V~fi , J K > (62) 
F,(q)=,/%(i-A)(1 -e~~i~--$e~o~~)---$=(l -&)q’e-‘@. (63) 
It now becomes clear from these solutions that when K is O(l), the boundary layer character- 
istics due to suction is completely destroyed by the viscoelasticity of the fluid. Thus, the tendency 
predicted by the asymptotic solution when K is O(f;“) is brought to a completion as K is 
increased and made O(1). For the latter case, the composite solution forf(q) is 
f(q) =_L(Fo +.L% +fi2Fz +A3F3 + *** 1, (64) 
where FO, F1, F2 and F3 are given by Eqs. (60)-(63). 
The value off”(O) for this expansion is 
f”(O) = -& - k + 8K>1Z (1 + 10K) + O(f;“). (65) 
It is interesting to observe that one can relax the restriction K = O(fi2) made earlier and the 
asymptotic solutions given by Eqs. (54)-(56) are still valid. This can be easily verified by expanding 
m in inverse powers offw and comparing the values off”(O) given by Eqs. (58) and (65). 
Finally, we briefly consider the case when K is O(f:). Now in Eq. (46) we must choose n zero. As 
a result, except for the term d3 F/dc3, all other terms are of the same order. Thus, there is no loss of 
derivatives owing to large values off,, implying that in this case there will be no boundary layer 
due to the suction of the fluid-the boundary layer effects are totally obliterated by the visco- 
elasticity of the fluid. 
For the zeroth order solution, we have 
(66) 
which is satisfied by 
F,=l+c- (67) 
It can be easily seen that F. defined by Eq. (67) also fulfills the full boundary conditions (42). 
A regular perturbation solution in terms off; 2 can thus be developed, in principle at any rate, 
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around the zeroth order solution given above. Unfortunately, we were able to find only two of the 
four linearly independent solutions of the homogeneous differential equation corresponding to the 
first order perturbation solution. This rules out the possibility of obtaining the perturbation 
expansion in a closed form. However, if the zeroth order solution is expanded in terms of the 
original variable q, the first two terms of the expansion (64) are recovered. Hence, it seems 
reasonable to use Eq. (64) for the asymptotic expansion in this case. But then Eq. (64) was seen to be 
equivalent to the expansion of (57) when the restriction K = O(f;“) was lifted. Thus, one can 
conclude that Eq. (57) can be taken to be the uniformly valid asymptotic expansion forf(q) for large 
values of the suction parameterf,, irrespective of the size of the non-Newtonian parameter K. This 
is borne out by the numerical results given in the next section. 
5. Results and discussion 
The algorithm given in Section 3 was used to compute the flow for several sets of values 
of K, the viscoelastic fluid parameter and fw, the suction parameter including the values 
fw = 0, and/or K = 0 and K -0. Through a proper choice of the parameter c, no difficulty 
was encountered in obtaining the solutions for any set of values of the parameters considered. 
The value of c depended on the size of the parameters fw and K. For the values of these 
parameters O(l), c = 1 gave satisfactory results. But when these parameters take large values, 
the q-scale has to be stretched or shrunk. This is because of the boundary layer effects for 
large values of fw when the scale has to be stretched, and the viscoelastic effects for large 
K when the scale has to be shrunk. Garg and Rajagopal [9] also report that for large values 
of K, they had to extend the terminal value of 11 from 10 to 100. With our algorithm it is 
more easily accomplished by simply changing the value of c. As a rule of thumb, for large values 
of K, c can be chosen as K- li2 Only when& is large and K very small, i.e., o(fw2), c must be . 
chosen fw. 
The accuracy of the present algorithm is O(h2). It can be improved to 0(h4) by invoking 
Richardson’s extrapolation. The number of mesh points were, therefore, doubled, and if the error 
was not too large, Richardson’s extrapolation method was used to obtain more accurate results. 
But if the error was sizeable, the value of c was adjusted till the former could be brought to within 
reasonable limits. The convergence to the solution using the secant method was quite rapid. Only 
5-6 iterations were required to yield an accuracy of lo-*. 
In Fig. 1 the values off”(O) are plotted against K for various values of&. A comparison with the 
corresponding plot of Garg and Rajagopal [9] forfw = 0 indicates good agreement between the 
two results. Note, for large values offw, how rapidly the value off”(O) is brought down as K is 
increased from zero. A value of 0.02 for K, for example, reduces the value off”(O) to nearly half its 
size when compared with its value at K = 0. For larger values of K, of course, the effects of suction 
are completely neutralized as is evident from the figure. In Table 1, the values off”(O) are presented 
using the exact numerical solution and the asymptotic solution (57) forfw = 10 and various values 
of K. The asymptotic solution gives acceptable results for all values of K and can be used for values 
offw greater than or equal to ten. 
In Fig. 2, the graphs off”(q) are plotted against II, the similarity varaibles forfw = 10 and several 
values of K. In the absence of viscoelasticity the boundary layer effects due to suction are quite 
20 P.D. ArieljJournal of Computational and Applied Mathematics 59 (199s) 9-24 
10 
_,.../* . 
,.,/*,I. , 
f “(0) 
1 
Fig. 1. Variation off”(O) with K for various values of&,. 
Table 1 
Illustrating the variation of f”(0) with K for 
fW = 10 
K 
f “(0) 
Exact Asymptotic 
solution solution (58) 
0 10.193554 10.200000 
0.001 9.330114 9.336372 
0.002 8.693450 8.699581 
0.005 7.442309 7.448179 
0.01 6.276552 6.282143 
0.02 5.072516 5.077778 
0.05 3.629950 3.634749 
0.1 2.734932 2.739386 
0.2 2.023021 2.027160 
0.5 1.331220 1.335130 
1 0.960444 0.963609 
2 0.688459 0.691319 
5 0.440519 0.442889 
10 0.313218 0.315207 
20 0.222283 0.223909 
50 0.140989 0.142190 
100 0.099819 0.100750 
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Fig. 2. Plot off’(q) with q for fw = 10 and various values of K. 
Fig. 3. Plot off’(q) with q for K = 0.2 and various values offW. 
pronounced. The introduction of viscoelasticity initiates the process of flattening the velocity 
profiles. At the values of K greater than unity, the effects of suction can hardly be discerned. 
In Fig. 3,f’(q) is depicted against ‘1 for K = 0.2 and various values offw. As one can see, there is 
not much of variation in the profiles as the value offw is increased from zero. In fact for this value of 
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K, the suction boundary layer is a nonstarter. It never develops even when the value offw is further 
increased beyond the values shown in the figure. 
We can thus make the following conclusions from the above: In the absence of viscoelasticity, for 
large values of the suction parameter there is the usual boundary layer on the plate due to the 
suction of the fluid. The introduction of even a small amount of viscoelasticity tends to counteract 
the boundary layer effects due to suction, and for moderately large values of the viscoelastic fluid 
parameter, the boundary layer is completely destroyed. For any given value of the suction 
parameter, an increase in the value of the viscoelasticity parameter decreases the value off”(O), or 
equivalently that of the skin friction at the plate dramatically. On the other hand, for a viscoelastic 
fluid, the increase in suction hardly affects the value of the skin friction. 
6. Flow due to stretching of a sheet 
In this section we briefly consider the flow of a second grade fluid over a stretching sheet with 
uniform suction at the sheet. The problem is important in polymer industry. From our point of 
view, its importance derives from the fact that it admits an exact analytical solution. 
The boundary value problem governing the flow is 
f”’ +fs” 32 - K(ff” - 2f’f”’ +f”‘) = 0, 
f(0) =fw, f’(0) = 1, f’( co) = 0, f”( co) = 0. (69) 
It may be mentioned here that Siddappa and Abel [16], while considering the similar problem 
for a second order fluid made an error in their analysis. However, they did not choose the boundary 
condition on fat infinity (rather than at zero) as wrongly implicated in [4]. 
The boundary value problem (68) and (69) admits an exact solution of the form 
f’(q) = ePc4, 
which when substituted into Eq. (68) yields the following cubic for the unknown c: 
(70) 
K&C3 + (1 + K)c2 -&c - 1 = 0. (71) 
From the Descartes’ rule of sign, Eq. (71) admits precisely one positive value of c, which is the 
desired value, since it is corresponding to this value that f’(r) decays exponentially. 
The numerical algorithm for the present problem is almost identical to the one given in 
Section 3 for the problem of the stagnation point flow. The main difference is that one does not 
require the transformation (26) to F, sincef’(q) already tends to zero for large values of q. We shall, 
therefore, refrain from giving the details of the algorithm. Only the results are presented here. 
The flow was computed for the same set of values offw and K as for the other problem. Once 
again the value of the parameter c had to be chosen judiciously in order to obtain the accurate 
solutions. The Richardson’s extrapolation scheme was used to improve the results. It was gratifying 
to find that, for all sets of values considered, the numerical results for f”(0) were in complete 
agreement upto fifth significant digit with the corresponding results obtained from the exact 
analytical solution (70). This establishes the validity of the numerical algorithm developed in this 
paper. 
P.D. AriellJournal of Computational and Applied Mathematics 59 (1995) 9-24 23 
7. Conclusions 
In the present paper we have developed a numerical algorithm to compute the stagnation point 
flow of second grade fluids, as opposed to the second order fluids. The algorithm caters for the 
situation when the plate is impermeable or porous. It is applicable for all values of the physical 
parameters such as the viscoelasticity of the fluid and the suction velocity. It also incorporates the 
transformation of the infinite domain of the flow to a finite domain which greatly increases the 
efficiency of computation. The viability of the algorithm is checked by comparing the numerical 
results obtained by it with the asymptotic solutions for large suction for the problem of the 
stagnation point flow, and with the exact analytical solution for the problem of flow over 
a stretching sheet with suction. 
It is proposed to apply the algorithm developed in this paper to compute the flow of second 
grade fluids in other situations, e.g., the flow near a rotating disk, and particularly in finite domains 
such as the flow through the channels, between the disks, etc. The results of the investigations will 
be reported in future communications. 
From the physical point of view the main result of interest is that the viscoelasticity of the fluid 
counteracts the effects of the suction. The suction boundary layer for large values of the suction 
parameter is wiped out for even moderate valus of the viscoelasticity. 
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